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ABSTRACT 
 

Background: Heart disease is a multi factorial disease that arises from both; genetic and 
environmental factors. Genetic factors include hypertension, diabetes, platelet aggregations, and 
cholesterol. Environmental factors include imbalanced diet, a sedentary lifestyle, stress life, 
smoking, infections, and the intake of non-steroid anti-inflammatory medications. Heart disease 
death rates are approximately 30% of total deaths. Periodontal disease, a progressive 
inflammation; leads to damage dental tissue that surrounds teeth due to bacterial infections that 
release toxins and cause inflammatory reaction. Poor oral hygiene is the main cause of 
periodontitis. Therefore, oral infections due to poor oral hygiene might increase systemic 
inflammation. Scientists have hypothesized that the connection between two diseases is due to the 
same bacteria. Bacteria which founded in infected periodontal tissue around teeth are causing 
inflammation, so during normal chewing or brushing, bacteria can enter the bloodstream and move 
to other parts of the circulatory system, contributing to the formation of heart disease. This 
literature review was conducted to examine the research evidence for an association between 
periodontal disease and risk of heart disease.  
Method and Results: A literature review of Pub Med abstracts was undertaken. Identified studies 
were reported in the period (1993- 2017) determining the evidence for periodontitis and its 
association with increasing risk of heart disease and some pathologic pathways. 
Conclusion: Many studies focused on the role of oral infections and periodontal infection in 
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incidence of atherosclerotic. In addition, these studies determined that periodontal disease is a risk 
factor for heart disease. Though, it requires more considerable future studies to prove the cause-
and-effect relationship between periodontal disease and heart disease. 
 

 

Keywords: Heart disease; periodontitis; bacteria; inflammation. 
 

1. INTRODUCTION 
 

Heart disease arises from many factors; genetic 
and environmental. The factors which are genetic 
include diseases such as hypertension [1], 
diabetes [2], blood disorders such as platelet 
aggregations [3], cholesterol which developed 
due to obesity [4] or high lipid level [5]. The 
factors that are related to environment include 
eating imbalanced diet [6], no activity by sitting 
for long time, stressful life [7,8], smoking [9,10], 
infections [11,12], and intake of non-steroid anti-
inflammatory medications [13]. Heart disease 
death rates are approximately 30% of entirely. 
 

Many studies have shown that periodontal and 
gum diseases are associated with cardiovascular 
disease, but there are no studies indicated cause 
and effect of periodontal disease on heart 
disease.  
 

Researchers are certain of that inflammation 
caused by periodontitis may be responsible for 
this association; especially if the patient have 
some unhealthy habits and / or conditions such 
as smoking, having diabetes, obesity or high 
blood pressure. Periodontitis can intensify 
existing cardiac disease, so dental patients at 
risk for infective endocarditis or other heart 
diseases may need antibiotics before some 
dental procedures. 
 

According to scientists, inflammation or swelling 
can lead to stiffen the arteries. This solidity is 
called atherosclerosis. This condition will interrupt 
the flow of blood to the heart. It leads to an 
increased risk for heart attack and stroke [14,15]. 

 

Gingiva sometimes has signs of inflammation. 
There are two types of gingival disease; gingivitis, 
which causes red, painful, tender and bleeding of   
gum, and periodontitis, which leads to infected 
pockets and loss of surrounding tissues and 
accumulate bacteria inside infected area as pus. 
This type of gingival disease “Periodontitis” is 
considered a concern for cardiac problems.  
 

Porphyromonas gingivalis is a gram‐negative, 
non‐motile, anaerobic bacterium occupied as a 
main pathogen in periodontitis. This bacterium 
has also been found in coronary artery plaques 
of cardiac attack patients. Some investigators in 

the department of clinical medicine, school of 
health sciences, Örebro University, Sweden, 
monitored two species of animal models, they 
found out Porphyromonas gingivalis causes 
formation of coronary and aortic atherosclerosis.  
 

They started with culturing human aortic smooth 
muscle cells [16], and infected them with 
Porphyromonas gingivalis. They noticed that 
Porphyromonas gingivalis produce a virulence 
factors named gingipains. These factors increase 
angiopoietin 2, while reduce of the anti-
inflammatory angiopoietin 1 in the smooth 
muscle cells, which lead to increase the 
inflammation. This inflammation is strongly 
implicated in atherosclerosis [17].

 

 

Scientists also think that the connection between 
the two diseases is due to the same bacteria. 
Bacteria found in infected periodontal tissue 
around teeth causing inflammation. During 
normal chewing or brushing, bacteria can enter 
the bloodstream and move to other parts of the 
circulatory system which leads to plaque 
formation of the artery [18], contributing to the 
formation of heart disease (Fig. 1) [19,20].

 

 

In this article, there is a determination of 
evidence for periodontitis and its association with 
increasing risk of heart disease, and some 
pathologic pathways that clarify this association 
by reviewing some literatures which indicate this 
association. 
 

2. EVIDENCE FROM LITERATURES  
 

In a follow up epidemiological study, DeStefano 
et al. analyzed the mortality of coronary heart 
disease (CHD) according to  the National Health 
and Nutrition Examination Survey I (NHANES I), 
that  followed 9,760 participants  for 14 years. 
They established that participants with 
periodontal disease  had a 25% increased risk of 
CHD compared to those  with insignificant 
periodontal disease by controlling for 
confounding factors such as age, gender, race, 
socioeconomic status, hypertension,  cholesterol, 
diabetes, consumption of alcohol. This 
association was more among males younger 
than 50 years.  This study provides evidence for 
an association between periodontal disease and 
CHD [21]. 
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Fig. 1. The bacteria connection between gum disease and heart disease 
 
A study was conducted by James Beck et al. to 
investigate the relation between periodontitis and 
heart disease. The researchers hypothesized 
that this relation may be as a result of an 
underlying inflammatory response trait that 
occurs in people at high risk for developing both 
periodontitis and atherosclerosis. They 
suggested that periodontitis, once initiated, 
provides a load of endotoxin such as 
lipopolysaccharide and inflammatory cytokines 
(especially TxA2, IL‐1β, PGE2, and TNF‐α) that 
help to begin and aggravate both of 
atherogenesis and thromboembolic occasions. A 
cohort study was done by using data from the 
Normative Aging Study and the Dental 
Longitudinal Study sponsored by the United 
States Department of Veterans Affairs. Means of 
alveolar bone loss scores and poorest probing 
depth scores for every tooth were measured on 
1,147 males in the period (1968 – 1971). 207 
males developed coronary heart disease,59    
died of coronary heart disease (CHD), and 40 
had strokes. Odds ratios after modifying 
confounder factors were 1.5, 1.9, and 2.8 for 
bone loss and CHD, fatal CHD, and stroke, 
respectively. Bone loss levels and incidence of 
CHD and fatal CHD indicated the association 
between severity of exposure and incidence of 
CHD [22]. 

According to Afrodite Lourbakos, Yu Ping Yuan, 
et al, a study was done to determine the activation 
of protease-activated receptors by gingipains from 
Porphyromonas gingivalis leads to platelet 
aggregation. This study examined the effects of 
the interaction between gingipains, important 
virulence factors, and the clotting cascade on 
cellular elements of the coagulation system. The 
enzymes prompted a rise in intracellular calcium in 
human platelets at nanomolar concentrations and 
caused aggregation of platelets. Based on studies 
achieved with thrombin and peptide receptor 
agonists, and immunoinhibition experiments, 
gingipains-R appeared to be activating the 
protease-activated receptors, (PAR)-1 and -4, 
appeared on the surface of platelets. This was 
confirmed by the result that HRgpA andRgpB 
potently activated PAR-1 and PAR-4 in transfected 
cells stably expressing these receptors. Overall 
results indicate the presence of a novel pathway of 
host cell activation by bacterial proteinases 
through PAR cleavage. This mechanism not only 
inspects a new trait in pathogenicity of the 
bacteria, but may also clarify the link between 
periodontitis and heart disease [23].

 

 

Armin J. Grau, et al. did a study to determine 
whether periodontal disease is as a risk factor for 
ischemic stroke.  They executed a case-control 
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study with 303 cases inspected within 1 week after 
ischemic stroke, 300 controls from population and 
168 controls from hospital were with nonvascular 
and no inflammatory neurological diseases. All 
participants were received a clinical and 
radiographic dental investigation. The clinical 
attachment loss measured at 4 sites per tooth 
functioned as the main indicator for periodontitis. 
Patients had higher attachment loss than controls 
of population (P <0.001) and controls of hospital 
(P=0.010). After adjusting confounder factors such 
as   age, gender, teeth number, vascular diseases, 
socioeconomic status, and lifestyle factors, the risk 
of ischemia increased with more severe 
periodontitis. Participants with severe periodontitis 
(CAL >6 mm) had a 4.3-times-higher risk of 
ischemia than participants with mild or without 
periodontitis (< or = 3 mm). Severe periodontitis 
was a risk factor in younger men who are < 60 
years. This study indicates that severe 
periodontitis is risk factor for cerebral ischemia in 
men and younger subjects [24]. 

 
Fabio Angeli  and others  investigated  the 
association between Periodontitis and Left 
Ventricle Mass (LVM) in Essential Hypertension. 
104 participants, who were untreated with 
hypertension, went through clinical examinations, 
including ECG, lab tests, and evaluation of 
periodontal status according to the community 
periodontal index of treatment needs (CPITN). 
With aggregating severity of periodontitis, there 
was a progressive increase in left ventricle mass. 
Mean values were 39.0 in CPITN 0 (periodontal 
health), 40.2 in CPITN 1 (gingival bleeding), 42.7 
in CPITN 2 (calculus), 51.4 in CPITN 3 (pockets 4 
to 5 mm), and 76.7 in CPITN 4 (pockets >6 mm) 
(overall P<0.0001). Systolic (P < 0.0001) and 
diastolic (P <0.01) blood pressure, and left 
ventricular mass (P <0.0001) were determining 
factor of a composite of CPITN 3 and 4.Left 
ventricular mass was the only determinant factor in 
a multivariate logistic analysis, (P <0.0001) of 
CPITN stages 3 and 4.  The results presented a 
direct relation between severity of periodontitis and 
left ventricular mass in participants with 
hypertension [25].

 

 

Oelisoa Mireille, Andriankaja et al, did a case 
control study to observe the association between 
periodontitis and acute myocardial infarction. 
This study was conducted both of counties Erie 
and Niagara in New York State. About 574 cases 
were diagnostic with MI. 887 controls were 
randomly chosen from the New York State 
Department of Motor Vehicles rolls and Health 
Care Financing Administration files. Periodontitis 

was evaluated using clinical attachment loss. 
Among 415 males’ cases, the odds ratio (OR) of 
the relation between mean of clinical attachment 
loss (mm) and Myocardial Infarction, adjusting for 
age, body mass index, physical activity, blood 
pressure, diabetes, and smoking was 1.34. In 
120 female cases, OR was 2.08. The estimate of 
this relation among non-smokers, by adjusting 
previous factors was 1.40, while it was 1.49 
among those who are smokers. According to 
these findings the researchers concluded that 
there is an association between PD and incident 
MI in both genders. This association seems to be 
independent of  the possible confounding effect 
of smoking [26]. 

 
Cesar de Oliveira also conducted a study               
to inspect whether tooth brushing, inflammation, 
are risk of cardiovascular disease. A                       
self-reported tooth brushing behavior is               
connected with heart disease and indicator of 
inflammation and coagulation. The author did a 
national population based survey, Scottish 
Health Survey, which appealed a sample                    
of the population that is living in Scotland. 
Participants were 11869from males and  
females, mean age 50.Oral hygiene evaluated 
from self-reported tooth brushing. Surveys             
were connected to hospital records. Cox 
proportional hazards statistics models were  
done to determine the possibility of heart  
disease according to oral hygiene. The                
relation between oral hygiene and inflammatory 
and coagulation indicators was investigated               
in 4830 participants by using linear models                
with adjustments. Total of 555 heart disease 
occasions over an average of 8.1 years of    
follow-up, 170 occasions were fatal. 411                    
of heart disease occasions, the diagnosis             
was coronary heart disease. Participants who 
never/rarely brushed their teeth had an  
increased possibility of a heart disease           
occasion (P<0.001). He concluded that Poor  
oral hygiene is related with risk of heart disease 
[27].

 

 
Zhang, Elmabsout et al determined whether the 
periodontal pathogen Porphyromonas gingivalis 
changes the gene expression in vascular smooth 
muscle cells involving the TGF beta/Notch 
signalling pathway and increased cell 
proliferation. Human Aortic Smooth Muscle Cells 
(AOSMCs) were subjected to P. gingivalis for 
24 h. Fluorescence microscope was used to 
investigate P. gingivalis invasion of AoSMC s 
which was evaluated by neutral red assay. In 
addition, human genome microarray and western 
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blot and ELISA were used to examine how P. 
gingivalis alters AoSMCs’s gene and protein 
expression. They established that P. gingivalis 
attacks AoSMCs and increases cell proliferation. 
Microarray findings displayed that, 982 genes 
were recognized that they differentially 
expressed (p <0.05). Using bioinformatics data 
mining, the researchers established that up-
regulated genes are enhanced in gene function 
of positive control of cell proliferation and down-
regulated genes are enhanced in the function of 
negative control of cell proliferation. This study 
demonstrates that P. gingivalis is able to invade 
AoSMCsand stimulate their proliferation [28]. In 
addition, they conducted another study to 
examine the important role of P. gingivalis 
infection in the alteration of Angiopoietin1 and 
Angiopoietin2 (Angpt 1 and 2) in aortic smooth 
muscle cells of human (AoSMCs). They exposed 
AoSMCs to P. gingivalis strains such as wild-
type, gingipain mutant (E8 and K1A), and fimbrial 
mutant (DPG-3 and KRX-178) in addition to 
different concentrations of tumor necrosis factor 
(TNF). This factor used as a positive study 
control. They founded that wild type, K1A,      
DPG3, and KRX178 also TNF up regulated      
the expression of Angpt2 and its transcription 
factor ETS1 in AoSMCs. However, Angpt1      
was inhibited by both P. gingivalis and TNF. The 
findings further support the association     
between periodontitis and cardiovascular disease 
[29].  

 

FeiCheng investigated whether tooth loss has 
association with risk of cardiovascular disease 
and stroke. A dose-response meta-analysis was 
achieved to illuminate and evaluate the 
correlation between tooth loss, heart disease and 
risk of stroke. Up to March 2017, 17 cohort 
studies were included in meta-analysis, involving 
about 879084subjects with 43750 incident cases. 
The findings showed statistically significant 
increment association between tooth loss, heart 
disease and stroke risk. Subcategories analysis 
showed that tooth loss was associated with a 
significant risk of heart disease and stroke in 
Asia and Caucasian. In addition, tooth loss was 
also associated with heart disease and stroke in 
fatal and nonfatal cases. Moreover, a significant 
dose-response relationship was observed 
between tooth loss, heart disease and stroke. 
Increasing per 2 of tooth loss was associated 
with a 3% increment of coronary heart disease 
risk; increasing per 2 of tooth loss was 
associated with a 3% increment of stroke risk. 
Considering these findings, tooth loss might 
associate with harmful health issues [30]. 

3. DISCUSSION 
 
Overall, the results of these studies showed that 
there is an association between periodontal 
disease and risk of heart disease. However, a 
critical question is whether this association is 
causal. In DeStefano et al’s study, the 
association in entire participants especially with 
periodontal disease was not clear and weak; that 
can be due to small bias or not doing enough 
control of smoke confounder in baseline. The 
association was found in younger men. The 
reason for this stronger association in the 
younger men is not clear. James Beck et al. 
suggested that once periodontal disease started, 
it provides exaggerated amount of endotoxin 
such as lipopolysaccharide and inflammatory 
cytokines that lead to atherogenesis' and 
thromboembolic events. They conducted a 
cohort study. They found out that subgroups of 
men who have bone loss in their teeth developed 
coronary heart disease, and some have stroke, 
so that indicated the association between both 
periodontal and coronary heart diseases.  
 
Afrodite et al‘s study focused whether 
Porphyromonas gingivalis proteases would have 
an indirect role in increasing chronic 
inflammation. According to sprightly accumulated 
data, however, it is appealing to consider 
that gingipains may have a direct role in heart 
complications. 
 
Armin J. Grau et al. confirmed that their results 
support the hypothesis of that periodontitis is an 
independent stroke risk factor. However, this 
study has some limitation such as bias 
occurrence toward the control group, and the 
study was not blinded between the examiner and 
the participants. In addition, the study should be 
restricted to patients with transient ischemic 
attack and mild to moderately severe stroke. 
They indicated that periodontitis is a chronic 
inflammatory disease and can become worse, 
and periodontal disorders at the time of acute 
ischemia may be of major consideration [31]. 
Fabio Angeli et al. disclosed in their study an 
independent association between Left Ventricle 
Mass (LVM) and severe periodontal disease 
which is defined by community periodontal index 
of treatment needs (CPTIN), in untreated 
participants with hypertension. In a multivariate 
analysis, LVM was superior to systolic and 
diastolic BP for prediction of moderate-to-severe 
periodontitis. The mechanisms which lead to the 
association between LVM and periodontal 
disease remain theoretical. In patients with 
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hypertension, hypertrophic heart and periodontal 
tissue may share dysfunction in microcirculation 
and rarefaction of artery and capillary [32,33]. 
Therefore, the high blood pressure could develop 
left ventricular hypertrophy and narrowing of 
luminal diameter of micro vessels which may 
lead to ischemia at heart and periodontal level. 
Oelisoa Mireille Andriankaja et al. examined the 
association between periodontitis and coronary 
heart disease, but this study was done in weak to 
moderate relationship. However, this study has 
limitation in reporting data in women and also the 
role of smoking confounder was not clarified, this 
study provided an evidence of an association 
between periodontal disease and incidence of 
Myocardial infarction in both genders. This 
association seems to be independent of smoking 
confounder factor. Cesar de Oliveira detected 
whether a self- reported frequency of tooth 
brushing (as a substitution of periodontal 
disease) was associated with risk of heart 
disease in a group of adults from the Scottish 
Health Survey. Also, he investigated the 
association between frequency of tooth brushing 
and C reactive protein and fibrinogen’s 
inflammatory markers in a subgroup of 
participants. The survey is nationally 
representative, with data related to a patient 
database of hospital admissions and deaths with 
follow-up. The Scottish population is 
relatively the same, with a high occurrence of 
heart disease and bad oral health, thus the 
findings is highly significant to this population. 
This was one of the limitations of this study. 
However, data regarding the status of 
periodontal disease and self-report might have 
supported the findings [34]. There is no follow-up 
data on the behavior of tooth brushing; however, 
evidence display constancy of oral health related 
to tooth brushing and dental flossing [35], thus 
small changes can have effect on the existing 
findings. Boxi Zhang et al. concentrated in their 
study on the interaction between P. gingivalis 
and vascular smooth muscle cells by using  
confocal microscopy 3D analysis. They found 
that P. gingivalis enters AoSMCs and causes 
AoSMCs proliferation which leads to 
atherosclerosis. When they used microarray 
analysis, they found that 982 genes were 
expressed in different ways in P. gingivalis–
infected AoSMCs, compared to control samples 
which were uninfected. Ontology analysis was 
done to simplify whether genes causing the cell 
proliferation are involved during P. gingivalis 
infection. In addition, they found an abundant 
number of genes related to Notch and TGF-beta 
pathway. They detected that the TGF-beta 

pathway was considerably activated in AoSMCs 
by P. gingivalis, and it can collaborate with Notch 
pathway in SMCs differentiation’s regulation. 
Therefore, there is a suggestion that P. gingivalis 
motivates AoSMCs proliferation by activating of 
the TGF-beta and Notch pathways and 
subsequently cause the development of 
atherosclerosis, which further supports an 
association between periodontal disease and 
heart disease. 
 
Also, Zhang et al. indicated that periodontal 
disease is a mild. However, it is a significant risk 
factor for developing heart disease. The 
pathogenic bacterium in periodontal tissue is 
Porphyromonas gingivalis which is considered to 
be directly or indirectly has a role in the 
development of atherosclerosis and heart 
disease. According to their study, they found that 
Porphyromonas gingivalis infection prompts 
comparable effects on Angpt1, Angpt2, and 
ETS1‘s expression of in AoSMCs, and gingipains 
are essential for this regulation. These findings 
put forward that Angpt2 has a role in the 
association between periodontal disease and 
atherosclerosis. Fei cheng et al. had done meta-
analysis which was based on seventeen cohort 
study. This meta-analysis provides 
epidemiological evidence which support that 
tooth loss is harmful for heart disease              
and stroke. A dose-response analysis showed 
that every time tooth loss happen per 2 
increments that was associated with a 3% 
increment of heart disease as well as           
stroke risk, so people with few or no teeth would 
increase risk of heart disease and stroke. In 
addition, the essential cause of tooth loss is 
dental decayed, and sugar intake is the main 
cause of dental caries. Sugar intake also 
associated with increasing risk of heart      
disease and stroke, therefore teeth loss has 
indirect effect on the risk of heart disease and 
stroke [36].

 
Furthermore, increasing tooth 

destruction will destroy normal periodontal    
tissue. That will allow accumulation of the 
bacteria which increase in growth, thus        
leading to heart disease and stroke [37]. Tooth 
loss also is the final stage of periodontitis and 
may associate with increasing in C-reactive 
protein (CRP), which associated in 
atherosclerosis and lead to stroke [38]. Some 
limitations were considered. First, they only 
choose literature that written by English,       
which leads to a language bias. Second, there 
might be insufficient statistical power when 
analysis of subgroup in different ethnic 
population. 
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4. CONCLUSION 
 
Many studies focused on the role of the 
periodontal infection in incidence of 
atherosclerotic, and also on that periodontal 
disease is a risk factor for heart disease. Though, 
it requires more consider able future studies to 
prove the cause-and-effect relationship between 
periodontal disease and heart disease since 
there is feeble proof regarding that. In 
meanwhile, because some studies have clear 
evidence about the association between 
periodontitis and heart disease, dental health 
professionals should motivate and aware the  
patients to maintain their periodontal health in 
order to reduce the risk of developing the heart 
disease [39].
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